patients with tracheobronchial cancer were treated by laser hyperthermia at the National Cancer Center Hospital. A complete response was achieved in 9 patients (with 9 carcinoma lesions), with no evidence of local recurrence on follow-up ranging from 4 to 29 months. Four patients had a partial response, requiring alternative therapy.
INTRODUCTION
Hyperthermia therapy has been performed clinically in combination with radiotherapy for cancer. Interstitial hyperthermia in combination with interstitial radiotherapy is gaining acceptance rapidly as an effective treatment for recurrent and/or persistent malignant tumors. Local tumor control of more than 50% in previously treated patients and a low incidence of treatment complications (1) (2) (3) has established the clinical usefulness of the technique.
In recent years, contact irradiation by Nd:YAG laser using a ceramic tip has been performed more frequently than noncontact irradiation for treating cancer in the gastrointestinal tract. The tip is inserted into a cancerous lesion and the temperature increased to 42 to 45 at a relatively low laser power level (3-5W) for 15 to 30 minutes, causing tumor destruction.
The temperature range is controlled by a computer system. This method of laser hyperthermia can be clinically applied more safely than ordinary vaporizing laser irradiation not only for radical treatment of early cancer, but also for recanalization ofobstructions caused by advanced cancer in the gastrointestinal tract. The effect of laser hy-perthermia is increased when applied in combination with radiotherapy.
Therapeutic options for treatment of early-stage lung cancer of the hilar type traditionally have been limited to surgical resection. The introduction of laser hyperthermia has provided a new therapeutic alternative to surgery. This form of therapy may be particularly helpful, because patients with bronchogenic carcinoma are at risk for the development of a subsequent primary lung cancer. Therapy that potentially preserves lung parenchyma would be of benefit in the long-term management of these patients. The following is a brief report on the role of laser hyperthermia in the treatment of roentgenographically occult carcinoma of the tracheobronchial tree.
MATERIALS AND METHODS

Selection of Patients
All patients included in our study had biopsy-proved malignant tumors involving the tracheobronchial tree. The condition of each patient was evaluated by a bronchoscopist, a thoracic surgeon, and an oncologist. Severereduction in pulmonary and/or cardiac function precluded surgical resection in each patient. Two operable patients refused surgery, and they elected to receive laser hyperthermia. Informed 160 R. ONO consent was obtained from each patient. The individual reasons for patient selection are shown in Table 1 .
Source of Light for Irradiation
A medical-grade quartz optical fiber, 10 m long with a core diameter of 400 m was used to transmit the laser beam through the bronchoscope to the site of endobronchial cancer. The output beam diverged approximately 100 to 120. The fiber was passed through the working channel of the flexible fiberoptic bronchoscope (Olympus BF2TR) so that the distal end protruded from the tip of the bronchoscope.
Laser light was transmitted to the tumor in all cases by means ofintralesional implantation ofthe fiber probe. The distal tip of the optical fiber was attached to a 3-mm coneshaped ceramic probe. To keep a distance between the cone rod probe and therrnister, they were inserted through separate channels of a double channel bronchoscope, as shown in Figure 1 .
The thermister was placed 5 The proximal end of the optical fiber was attached to a positioning device that was coupled to a continuous wave or pulse wave Nd:YAG laser (Pentax Model SLY-2). The wave length produced with the Nd:YAG laser was 1015 nm in all patients. Laser pulses were delivered for 0.1 to 9.9 seconds at 2 to 100 W/pulse.
The thermister containing a thermometer was 2.2 mm in diameter and was situated in the apex of the apparatus. The thermister thermometer signal was transmitted to the thermocontroller to allow function with the shutters on/off, on the basis ofthermosettlement. This would allow Table 1 Individual reasons for patients selection beam regulation for the inner part of the tumor. The thermal recorder recorded temperature as a graph. The thermister thermometer was passed through the open channel of the flexible fiberoptic bronchoscope so that the distal end protruded from the tip of the bronchoscope.
Treatment
All patients were orally intubated over a flexible fiberoptic bronchoscope, and 2% lidocaine anesthesia was administered to the lower airways as needed. Photographs were taken before treatment and at the time of each subsequent bronchoscopic procedure. Either biopsy or brushing was performed several days before the treatment.
For the tumors treated with intralesional insertion ofthe fiber probe, the corresponding ranges were 2 to 3 W and 1003 to 3832 J/cm.
The selection of power and energy density was initially based on early clinical data from intralesional laser treatment ofmetastatic skin lesions. The data reported by Tajiri et al and Suzuki et al from in vivo and in vitro animal experiments influenced us to reduce power densities to decrease the possibility of hyperthermic effects (5, 6) . Tumors with substantial bulk that protruded into the lumen were treated with intralesional insertion of the laser fiber. Since this study most patients had lesions with protrusion into the lumen, therefore, only intralesional insertion of the laser fiber was used.
Follow-Up and Interpretation of Results
All the patients understood the need for close follow-up, including multiple bronchoscopic procedures, to maintain the therapeutic response. We routinely did a clean-up bronchoscopic procedure 1 or 2 days after each therapeutic session. The patients also underwent bronchoscopy at 2 to 3 month intervals for at least 3 years after demonstration of an initial complete response. The results were categorized according to the therapeutic response after laser hyperthermia, subsequent behavior of the tumor, long-term results, and the current status of each patient recorded as of June 1992.
Complete Response Table 2 presents information on 9 patients who had a complete response after laser hyperthermia. Eight patients had squamous cell carcinoma, and the remaining patient (case 2) had an adenocarcinoma. In two patients (cases 1 and 6), the response was complete after a single course of treatment, whereas in three patients (cases 3, 4, and 5), a second laser hyperthermia session was required to achieve a complete response. For the remaining four patients (cases 2, 7, 8, and 9), a third laser hyperthermia session was necessary for a complete response. In these nine patients, there was no evidence of local recurrence, with a follow-up period ranging from 4 to 29 months (mean, 19.2 months). Three patients (cases 1, 2, and 6) who had a complete response subsequently died. One patient (case 6) died of a second lung cancer (small cell carcinoma). At postmortem examination, no evidence of residual cancer was found at the site of the first cancer. Two patients (cases 1 and 2) were found at autopsy to have evidence of widespread metastatic cancer, without evidence of recurrence at the treated site. The remaining six patients (cases 3, 4, 5, 7, 8, and 9) are still alive and disease-free with a follow-up ranging from 23 to 29 months (mean, 25.8 months). Figure 2 shows the bronchoscopic findings of case 3 before and after laser hyperthermia. This case was a flat superficial tumor. In the first treatment, the probe was inserted at point (A) and the thermister was placed at point (B), and hyperthermia was performed for 30 minutes, whereas in the second 30-minute procedure, the probe was inserted in (B) and thermister was put at (A). Table 3 presents information on four patients with squamous cell carcinoma (cases 10, 11, 12, and 13) who had only a partial response to laser hyperthermia. They were given external beam radiation after laser hyperthermia failed to eradicate the cancer. As shown in Table 3 , these 162 R. ONO four patients showed no local recurrence after a followup period ranging from 6 to 24 months (mean, 11.8 months). Two patients (cases 12 and 13) died of myocardial infarction, 7 and 10 months after laser hyperthermia, respectively. One patient (case 10) was found at autopsy to have evidence of widespread metastatic disease. However, there was no evidence of recurrence at the treated site in the fight main bronchus. At the last followup, the remaining patient (case 11) was alive with no local recurrence, and the most recent bronchoscopic examination in this case showed no evidence of residual cancer.
Partial Response
Roentgenographic Appearance and Tumor Size
Of the 13 cancers, 7 that were not visible on the chest roentgenogram showed a complete response to laser hyperthermia. The remaining 6 cancers were large enough to be detected on the chest roentgenogram. None of these lesions were associated with a complete response.
The overall surface area was estimated by the bronchoscopist at the time of the initial laser hyperthermia.
However, the overall surface area of tumor occluding the bronchus could not be estimated correctly. There were two cases (6 and 8) with polypoid tumor in segmental bronchi that could be detected as secondary changes radiologically. Of the 9 cancers that were 3 cm 2 or smaller in surface area, a complete response was achieved in all. Of the 4 lesions that exceeded 4 cm 2 in surface area, none demonstrated a complete response.
Complications
During the initial phase of the study, all patients reported the development ofcough productive ofblood-tinged sputum and gray necrotic material. This complication persisted for up to 2 weeks after treatment. Five patients had fever, pneumonia, excessive bronchial secretions, and mucosal plugging. Three patients experienced temporary airway obstruction that was caused by the necrotic debris. The necrotic debris was removed by flexible fiberoptic bronchoscopy. One patient (case 2) developed severe candidiasis at the treated situ on the tracheal wall. This patient died after an episode of hemoptysis caused by internal perforation. The postmortem examination showed residual necrotic debris and tracheal edema. No viable cancer cells were identified in the treated site in the tracheal wall. This patient had had previous cancer of a different histologic type and was found to have evidence of widespread metastasis of the first cancer.
DISCUSSION
Laser hyperthermia is a new addition to standard treatment modalities such as surgical resection, radiation therapy, and chemotherapy for patients with bronchogenic carcinoma. The role of laser hyperthermia is limited to tumors within the bronchial wall because the depth of penetration of the activating light is no more than 2 cm and RML   3   2  2278  2  2223  3  1790  3  2973  3  1497  2  1180  2  2441  3  2223  3  1648  3  2535  3  1043   2  3832  3  3181  3  2622  3  3123  3  2932  3  1003  3  1666  3 is probably much less than cm. Therefore, the main application is in the treatment of carcinoma in situ or intramural invasive tumor. The likelihood of lymph node metastasis from these types of tumors is low (7, 8) .
In our study, seven out of nine cancers with a complete response after laser hyperthermia were roentgenographically occult tumors less than 3 cm 2 in surface area and within the reach of the flexible fiberoptic bronchoscope. One patient (case 2) died of hemoptysis after treatment. This patient had a squamous cell carcinoma in the right lung that was resected, but afterward an adenocarcinoma was detected in the lower part of trachea. Laser hyperthermia was performed three times, obtaining complete response; however, the patient died of hemoptysis caused by perforation after 4 months. 
